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Abstract 

Background: Increased serum levels of homocysteine and uric acid have each been associated with cardiovascular 
risk. We analyzed whether homocysteine and uric acid were associated with glomerular filtration rate (GFR) and 
albuminuria independently of each other. We also investigated the association of MTHFR polymorphisms related to 
homocysteine with albuminuria to get further insight into causality. 

Methods: This was a cross-sectional population-based study in Caucasians (n = 5913). Hyperhomocysteinemia was 
defined as total serum homocysteine > 15 umol/L Albuminuria was defined as urinary albumin-to-creatinine ratio 
> 30 mg/g. 

Results: Uric acid was associated positively with homocysteine (r = 0.246 in men and r = 0.287 in women, P < 
0.001). The prevalence of albuminuria increased across increasing homocysteine categories (from 6.4% to 17.3% in 
subjects with normal GFR and from 3.5% to 14.5% in those with reduced GFR, P for trend < 0.005). 
Hyperhomocysteinemia (OR = 2.22, 95% confidence interval: 1.60-3.08, P < 0.001) and elevated serum uric acid (OR 
= 1.27, 1.08-1.50, per 100 umol/L, P = 0.004) were significantly associated with albuminuria, independently of 
hypertension and type 2 diabetes. The 2-fold higher risk of albuminuria associated with hyperhomocysteinemia 
was similar to the risk associated with hypertension or diabetes. MTHFR alleles related to higher homocysteine 
were associated with increased risk of albuminuria. 

Conclusions: In the general adult population, elevated serum homocysteine and uric acid were associated with 
albuminuria independently of each other and of renal function. 



Background associated with CKD [6,7]. Similar pathological changes 
Homocysteine, a sulfur containing amino acid involved are observed in glomerular injury and tHcy-induced vas- 
in methionine metabolism, is a potential atherogenic cular damages, such as endothelial dysfunction, cell pro- 
molecule and is considered as an independent risk fac- liferation, increased oxidative stress and prothrombotic 
tor for cardiovascular disease (CVD) [1-3]. Serum levels state [8,9]. As a consequence, high tHcy levels may 
of total homocysteine (tHcy) are elevated in patients potentially induce renal injury via direct action on kid- 
with chronic kidney disease (CKD) and, more generally, ney cells, rather than only result as a consequence of 
in patients with reduced renal function [1,4]. Several impaired renal function. In other words, tHcy could be 
studies have shown that elevated tHcy levels are asso- involved as a cause of renal atherosclerosis and renal 
ciated with atherothrombotic disease in coronary, cere- damage, leading to a vicious cycle with accelerated dete- 
bral and peripheral arteries [3,5]. A similar phenotype is rioration of renal function. 

To date, tHcy has been associated with microalbumi- 
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which included subjects aged 50 to 75 years, found that 
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baseline tHcy was associated with microalbuminuria not 
only at baseline [10], but also after a mean follow-up of 
6.1 years, independently of renal function [11]. In the 
National Health and Nutrition Examination Survey 1991- 
1994, the largest population-based study available so far 
(3387 subjects aged > 40 years), elevated tHcy was asso- 
ciated with albuminuria independently of vitamin B status 
[1]. However, it remains unclear whether tHcy causes 
albuminuria or is merely the consequence of reduced 
renal function, which is itself reflected by albuminuria 
[14]. As albuminuria is an established marker of kidney 
damage in diabetic and nondiabetic individuals and a 
strong predictor of cardiovascular morbidity and mortality 
[15,16], a better understanding of the determinants of 
albuminuria is therefore of great interest. 

Serum uric acid (SUA) is associated with increased risk 
of incident kidney disease [17], and it also predicts mor- 
tality in patients with CKD [18]. Several studies have 
shown a link between SUA concentrations and tHcy 
[19,20]. The extent to which tHcy and SUA may inde- 
pendently influence renal function and renal damage is 
not known. Although the association of renal function 
and tHcy levels is well-known in selected clinical samples 
[21], only few large scale population-based data have 
been published so far [1,10]. To our knowledge none of 
the latter investigated the role of SUA in this context. 

The aim of this study was to evaluate the association 
between elevated tHcy and the presence of impaired 
renal function, expressed as either decreased glomerular 
filtration rate (GFR) or albuminuria in a large popula- 
tion-based sample in Switzerland. We also investigated 
the potential modifying effect of SUA on these relation- 
ships. In order to evaluate whether the association 
between tHcy and albuminuria could be causal, we 
looked at the association between albuminuria and the 
methylenetetrahydrofolate reductase (MTHFR) gene 
polymorphisms strongly correlated with tHcy. 

Methods 

Study population 

The CoLaus Study has been described previously [22]. 
Briefly, a simple non-stratified random sample of 35% of 
the overall population of the city of Lausanne, Switzer- 
land, aged 35-75 years (n = 56,694) was drawn. Inclu- 
sion criteria were: a) written informed consent; b) age 
between 35 and 75 years; c) Caucasian origin. Out of 
the 6188 participants, we excluded 145 subjects because 
of various missing values, leaving 5913 subjects for the 
present analysis. 

The study was approved by the ethical committee of 
the Faculty of Medicine of the University of Lausanne 
(Switzerland) and the research conformed to the Hel- 
sinki Declaration. All participants provided written 
informed consent. 



Assessment process and data collection 

Participants attended the outpatient clinic of the Univer- 
sity Hospital Center of Lausanne (CHUV) in the morn- 
ing after an overnight fast. BMI was defined as weight 
in kilograms divided by height in meters squared (kg/ 
m ). Blood pressure was measured three times on the 
left arm using a clinically validated automatic oscillo- 
metric device [23] Hypertension was defined as a mean 
systolic blood pressure > 140 mmHg and/or a diastolic 
blood pressure > 90 mmHg and/or presence of antihy- 
pertensive drug treatment. 

Biological data 

A venous blood sample (50 ml) was collected from each 
participant under fasting conditions. The analytical pro- 
cedures for biological markers and clinical chemistry 
methods have been described previously [22]. Hyperho- 
mocysteinemia was defined as a tHcy level > 15 umol/L 
[1]. Diabetes was defined as a fasting blood glucose > 7 
mmol/1 and/or presence of any antidiabetic drug 
(including insulin). 

A spot urine sample was collected for the assessment 
of urinary creatinine and albumin, and the ACR was cal- 
culated. Albuminuria was defined as a value of ACR 
above 30 mg/g, which includes microalbuminuria (ACR 
30-300 mg/g) and macroalbuminuria (ACR > 300 mg/g) 
[24]. Glomerular filtration rate (GFR) was estimated by 
the simplified MDRD prediction equation: GFR (ml/ 
min/1.73 m2) = 186 x (S Cr )' 1154 x (Age)" 0 203 x (0.742 if 
female), where S Cr is serum creatinine concentration in 
mg/dL and age is in years [25]. We also conducted sen- 
sitivity analyses using the Cockcroft-Gault formula to 
estimate creatinine clearance (C Cr ): C Cr = (140 - age) x 
(weight)/72 x S Cr x (0.83 if female), where S Cr is in mg/ 
dL, weight in kg and age in years [26]. 

Questionnaire data 

Trained health professionals used standardized question- 
naires on socio-demographic characteristics and lifestyle 
factors, such as tobacco, alcohol consumption and vita- 
min intake. Participants were asked whether they were 
taking vitamin supplements on a regular basis and if 
yes, which type of vitamins. No specific information 
allowing differentiating intakes of vitamin B6, Bll and 
B12 was collected. For the purpose of the present ana- 
lyses, smokers were defined as current smokers and 
non-smokers as never- or ex-smokers. Alcohol con- 
sumption was converted in standard units per day. 

Genotyping and quality controls 

Nuclear DNA was extracted from whole blood for entire 
genome scan analysis. Genotyping was performed using 
the Affymetrix 500 K chip, as recommended by the 
manufacturer. Individuals with less than 95% genotyping 
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efficiency overall (or < 90% efficiency on either array, n 
= 399), and individuals with possible gender inconsisten- 
cies (n = 5), were removed. Monomorphic single 
nucleotide polymorphisms (SNPs), SNPs with less than 
70% genotyping efficiency, SNPs with minor allele fre- 
quency < 2% and SNPs not in Hardy- Weinberg propor- 
tions were excluded from analyses, leaving at the end 
4155 participants for the present genetic analysis. We 
analyzed the 38 genotyped SNPs located within and 
around (500 kb) the MTHFR gene for association with 
tHcy, using multiple linear regression. Because of its 
known clinical interest, the functional non-synonymous 
MTHFR C677T polymorphism {rsl801133) [27] was also 
included in the analysis, even though it was only 
imputed. Imputation was done based on HapMap Phase 
II haplotypes using the IMPUTE software, as previously 
described [28]. Three of the genotyped SNPs were 
strongly associated with tHcy levels (rs9651118, R 2 = 
0.51%, P = 1 x 10" 7 ; rsl321073, R 2 = 0.45%, P = 7 x 10" 
7 and rs34175640, R 2 = 0.45%, P = 7 x 10' 7 ), as was the 
imputed C677T polymorphism (rsl801133, R 2 = 0.57%, 
P = 9 x 10' 7 ). Out of the three genotyped SNPs, two 
were in perfect linkage disequilibrium (rsl321073 and 
rs341 75640), leaving only three partially independent 
SNPs for the present analysis: rsl321073, rs9651118 and 
rsl801133. 

Statistical analyses 

Statistical analyses were performed using Stata 10.0 
(Stata Corp, College Station, USA). Results were 
expressed as mean ± standard deviation (sd), median ± 
interquartile range or median ± standard error (se). For 
comparison of data between groups, we used a t-test for 
continuous variables and a chi square test for dichoto- 
mous variables. We used a non parametric test (nptrend 
in Stata) to test for linear trend across selected cate- 
gories whenever appropriate. We analyzed the associa- 
tion between tHcy and SUA using a spearman rank 
correlation test. For descriptive purposes, we split tHcy 
into 4 categories (tHcy < 9, 9 < tHcy < 12, 12 < tHcy < 
15, and tHcy > 15 umol/L), as previously published [1]. 
MDRD was dichotomized into < 90, and > 90 mL/min/ 
1.73 m categories. We used median regression to ana- 
lyze the association of MDRD with tHcy (dependent 
variable), while adjusting for the potential confounding 
effect or effect modification of selected covariates. A P- 
value < 0.05 was considered as statistically significant 
for mean effects. We systematically tested all two-way 
interactions of MDRD with all other covariates in the 
model. We used a Bonferroni-corrected P-value to select 
which interaction terms to keep in the model (e.g. if 10 
interaction terms were tested, we used 0.005 as a cut-off 
P- value, etc). To keep the models hierarchically sound, 
covariates included in a significant interaction term 



were kept as main effects in the model. To ease inter- 
pretation of the significant interaction terms on tHcy, 
we also conducted stratified analyses by age (below vs 
above the mean age of 53 years) and by serum uric acid 
strata (below vs above the mean level of 321 umol/L). 
We used multiple logistic regression to analyze the asso- 
ciation of hyperhomocysteinemia with dichotomized 
albuminuria. We systematically tested all two-way inter- 
actions between hyperhomocysteinemia or sex, on the 
one side, and all other covariates in the model, on the 
other side, and used a Bonferroni-corrected P-value to 
select interaction terms to be kept in the model. We 
analyzed the association of the SNPs with albuminuria 
using logistic regression with an additive mode of 
action. The corresponding P-values are not adjusted for 
multiple testing. 

Results 

Among the 5913 participants aged 35-75 years, with a 
mean (± sd) age at 53 years (±11 years), 52.5% were 
females. Table 1 displays participants' characteristics 
stratified by sex. Men were significantly younger than 
women, reported higher alcohol consumption and lower 
intake of B vitamins. Men had higher body mass index 
(BMI), blood pressure, Modification of Diet in Renal 
Disease (MDRD, estimation of GFR), fasting plasma glu- 
cose, and SUA levels. Men also had a higher prevalence 
of type 2 diabetes, smoking, hypertension and albumi- 
nuria than women. Women had significantly lower tHcy 
levels (9.3 (2.7) umol/L vs. 10.9 (3.1) umol/L, P < 0.001) 
and prevalence of hyperhomocysteinemia (4.13% vs. 
10.7%, P < 0.001) than men. tHcy levels were positively 
correlated with SUA in men (r = 0.246, P < 0.001) and 
in women (r = 0.287, P < 0.001). 

In multiple regression analysis using tHcy as the 
dependent variable, the association of MDRD with tHcy 
was modified by age and SUA (Table 2, P for interaction 
< 0.001) after adjusting for major confounding factors. 
When conducting stratified analyses, the regression 
coefficient for MDRD on tHcy was -0.043 [95%CI: 
-0.050; -0.036] and -0.060 [-0.066; -0.054] in the younger 
and older age groups, respectively, and -0.042 [95%CI: 
-0.048; -0.036] and -0.057 [-0.064; -0.049] for the low 
and high uric acid groups, respectively. To ease the 
interpretation of these findings, Figure 1 shows the 
adjusted median tHcy levels by MDRD and age groups. 
Within each group, tHcy was more elevated in the high 
SUA category than in the low SUA category. Sensitivity 
analyses using the Cockcroft-Gault formula led to simi- 
lar results. 

In multiple logistic regression, hyperhomocysteinemia 
(tHcy > 15 umol/L) (OR = 2.22, 95% confidence interval 
(CI): 1.60-3.08, P < 0.001) and SUA (OR = 1.27, 95%CI: 
1.08-1.50, per 100 umol/L P = 0.004) were significantly 
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Table 1 Participants' characteristics by sex 



Characteristics 



Men 
(n = 2766) 



Women 
(n = 3147) 



Age (years) 52.4 (10.7) 53.4 (10.7) 

Alcohol consumption (units/day) 1.49 (1.57) 0.57 (0.80) 

Smokers (%) 28.3 24.9 

Intake of B vitamins (%) 5.8 8.9 

Use of diuretics (%) 6.9 6.4 

Body mass index (kg/m 2 ) 26.6 (4.0) 25.1 (4.8) 

Type 2 diabetes (%) 9.2 3.5 

Hypertension (%) 41.5 29.8 

Systolic blood pressure (mmHg) 132.0(16.5) 124.7 (18.2) 

Diastolic blood pressure (mmHg) 81.2(10.7) 77.5(10.5) 

Hyperhomocysteinemia (%) 10.7 4.13 
Serum measurements 

Total homocysteine (umol/L) 10.9(3.1) 9.27(2.7) 

Creatinine {umol/L) 88.1(15.6) 72.0 (11.6) 

MDRD c (ml/min/1.73 m 2 ) b 85.9 (20.0) 79.3 (18.6) 

Uric acid (umol/L) 360.4 (74.8) 269.9 (66.4) 

Total cholesterol (mmol/L) 5.56 (1.04) 5.61(1.03) 

HDL-cholesterol (mmol/L) 1.44(0.36) 1.81(0.42) 

Fasting glucose (mmol/L) 5.78 (1.23) 5.34 (0.99) 
Urine measurements 

Albumin to creatinine ratio (mg/g) a 4.56 (5.26) 5.58 (5.88) 

Albuminuria c (%) 6.9 5.4 

Data are expressed as mean (standard deviation), n (%) or median a 
(interquartile range). 

b Modification of Diet in Renal Disease, estimation of glomerular filtration rate 
c urinary albumin-to-creatinine ratio > 30 mg/g 



Table 2 Determinants of total serum homocysteine 





P-Coefficient 


95% 


Cl d 


Sex (0 = men, 1 = women) 


-1.341 


-1 .540 


-1.141 e 


Age (years) 


0.136 


0.097 


0.176 e 


Alcohol consumption (units/day) 


0.098 


0.034 


0.162 e 


Smoking status 


0.468 


0.291 


0.645 e 


Intake of B vitamins 


-0.616 


-0.904 


-0.328 e 


Use of diuretics 


0.394 


0.072 


0.716 e 


Body mass index (kg/m 2 ) 


-0.019 


-0.038 


0.001 


Systolic blood pressure (mmHg) 


0.006 


0.001 


0.011 e 


Total serum cholesterol (mmol/L) 


0.030 


-0.046 


0.105 


Plasma fasting glucose (mmol/L) 


-0.023 


-0.096 


0.050 


Serum uric acid (umol/L) 


0.014 


0.009 


0.019 e 


MDRD a (ml/min/1.73 m2) 


0.037 


0.010 


0.064 e 


MDRD x age b 


-0.0010 


-0.0015 


-0.0006 e 


MDRD x uric acid c 


-0.0001 1 


-0.00016 


-0.00005 e 



a Modification of Diet in Renal Disease, estimation of glomerular filtration rate 

b Interaction between MDRD and age 

c Interaction between MDRD and serum uric acid 

d 95% Confidence Interval 

e P value < 0.05 



Total serum homocysteine 
(umol/L) 

12. 0 n 



11.0 



10.0 



9.0 



7.0 



n=1183 



□ low uric acid 

□ high uric acid 



n=871 



n=1115 

HE- 



n=916 



n=568 



n=362 
n=609 |—E- 



n=289 
it- 



age < 55 y age >= 55 y age < 55 y age >= 55 y 



MDRD < 90 
ml/min/1.73 m 2 



MDRD >= 90 
ml/min/1.73 m 2 



Figure 1 Total serum homocysteine levels by categories of 
MDRD, age and uric acid levels. Bars (whiskers) are medians (se) 
adjusted for sex, categories of age, MDRD and serum uric acid 
levels. P-values for age, MDRD and serum uric acid categories < 
0.001 from a multiple median regression using total serum 
homocysteine as the dependent variable. MDRD, Modification of 
Diet in Renal Disease, estimation of glomerular filtration rate. 



related with albuminuria independently of hypertension 
and diabetes (Table 3). The risk of albuminuria asso- 
ciated with hyperhomocysteinemia (OR = 2.22, 95%CI: 
1.60-3.08, P < 0.001) was similar to that associated with 
hypertension (OR = 1.52, 95%CI: 1.11-2.09, P = 0.009) 
or with type 2 diabetes (OR = 1.93, 95%CI: 1.27-2.91, P 
= 0.002). We found no significant interaction between 
hyperhomocysteinemia and any of the covariate in the 
model, including SUA. Further adjustment for ACE 
inhibitor and angiotensin receptor blocker treatment did 
not substantially modify the association of hyperhomo- 
cysteinemia with albuminuria (OR = 2.18, 95%CI: 1.57- 
3.04), while decreasing the association of hypertension 
with albuminuria (OR = 1.39; 95%CI: 0.99-1.96). 

The prevalence of albuminuria was gradually higher 
across increasing tHcy categories (Figure 2). A similar 
trend was observed in subjects with normal GFR levels 
(6.4%, 4.6%, 9.7% and 17.3%, P for trend < 0.005) and in 
subjects with decreased GFR levels (3.5%, 5.0%, 8.3% 
and 14.5%, P for trend < 0.005). Results were similar in 
men and in women (data not shown). 

In the subsample of the study population in which 
genotyping was performed, we analyzed the association 
of three MTHFR polymorphisms related to tHcy levels 
with albuminuria (Figure 3). After adjustment for major 
confounding factors, the risk of albuminuria increased 
significantly from the AA to the GG genotype (OR = 
1.28, 95%CI: 1.04-1.58 per G allele, P = 0.021) for the 
rsl321073 SNP. A similar trend was observed for 
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Table 3 Determinants of albuminuria 



Albuminuria a 




Odds Ratio 


95% CI c 


P-values 


Smoking status (1 = current smoker, 0 = 


non-smoker) 


1.35 


1.05 


1.74 


0.018 


Intake of B vitamins (1 = intake, 0 = no 


ntake) 


1.09 


0.70 


1.69 


0.700 


MDRD b (ml/min/1.73 m 2 ) 




1.005 


0.997 


1.013 


0.219 


Type 2 diabetes 




1.93 


1.27 


2.91 


0.002 


Fasting glucose (mmol/L) 




1.22 


1.12 


1.33 


< 0.001 


Hypertension 




1.52 


1.11 


2.09 


0.009 


Systolic blood pressure (mm Hg) 




1.01 


1.01 


1.02 


< 0.001 


Serum uric acid (per 100 umol/L) 




1.27 


1.08 


1.50 


0.004 


Hyperhomocysteinemia 




2.22 


1.60 


3.08 


< 0.001 



Logistic regression model including age, sex, body mass index and age x sex interaction as additional covariates. 
a urinary albumin-to-creatinine ratio > 30 mg/g 

b Modification of Diet in Renal Disease, estimation of glomerular filtration rate 
c 95% Confidence Interval 



rsl801133 (OR = 1.20, 95%CI: 0.99-1.46 per T allele, P = 
0.068), but the association was not significant for 
rs9651118 (OR = 1.12, 95%CI: 0.89-1.42 per T allele, P 
= 0.344). In non-diabetic subjects, the association 
between albuminuria and both rsl321073 (OR = 1.31, 
95%CI: 1.04-1.64 per G allele, P = 0.023) and rsl801133 
(OR = 1.30, 95%CI: 1.05-1.61 per T allele, P = 0.017) 
was significant. A similar trend was observed for 
rs96S1118 (OR = 1.11, 95%CI: 0.86-1.45 per T allele, P 
= 0.417), although not reaching significance. In type 2 
diabetic subjects, these polymorphisms were associated 
neither with tHcy nor with albuminuria. 

Discussion 

In this large population-based study, the association 
between elevated tHcy levels and higher prevalence of 
albuminuria was observed independently of GFR, reflect- 
ing the fact that this association is not simply the 



Prevalence of 
albuminuria (%) 



P trend < 0.005 



P trend < 0.005 



□ 





n 


=581 









<9 9-12 12-15 >=15 
Total serum homocysteine categories 



MDRD < 90 
ml/min/1.73 m 2 



<9 9-12 12-15 >=15 
Total serum homocysteine categories 



MDRD >= 90 
ml/min/1.73 m 2 



Figure 2 Prevalence (95%CI) of albuminuria by categories of 
MDRD and total serum homocysteine. Results were similar in 
men and in women. We assessed trend across total serum 
homocysteine categories using non-parametric test. MDRD, 
Modification of Diet in Renal Disease, used to estimate glomerular 
filtration rate. 



consequence of reduced renal function. This result is 
consistent with the hypothesis that homocysteine may 
cause renal damage. We extend previous population- 
based findings [1,10,11] to the age group 35-40 years. 
Also, the association of hyperhomocysteinemia with 
albuminuria was independent of hypertension, type 2 
diabetes and uric acid levels. Furthermore, hyperhomo- 
cysteinemia was associated with a 2-fold higher risk of 
albuminuria, which was of similar magnitude to the risk 
of albuminuria associated with hypertension or type 2 
diabetes. This result strongly suggests that hyperhomo- 
cysteinemia is an independent marker of renal dysfunc- 
tion and is in line with the role of homocysteine as 
potential atherogenic agent and cardiovascular risk fac- 
tor [2]. 

We observed strong associations between homocys- 
teine levels and MTHFR polymorphisms, as previously 
reported [29-31]. This suggests that MTHFR genotypes 
related to higher homocysteine levels are associated 
with albuminuria in the general population, in particu- 
lar in non-diabetic subjects. Because of the random 
assortment of alleles at the time of gamete formation, 
association between MTHFR genotypes and tHcy 
levels, or albuminuria, should not be biased by reverse- 
causality or major confounding factors. These results 
therefore suggest that homocysteine might be causally 
involved in renal damage. MTHFR polymorphisms 
have been shown to be associated with increased mor- 
tality and morbidity in healthy and CKD populations 
[29-31]. Some studies in diabetic patients found the 
C677T polymorphism (rsl801133) to be associated 
with renal damage [32-36], but others failed to find 
such association [37,38]. In this study, rsl321073 was 
significantly associated with the risk of albuminuria in 
the general population, independently of major con- 
founding factors. However, this latter association was 
not significant in type 2 diabetic subjects, in whom no 
association with tHcy was observed. First of all, the 
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A. 



Total serum 
homocysteine 

(|umol/l) 



B. 



Odds ratio 
(95% CI) 



P< 0.001 



P< 0.001 

463 



2013 



1730 



412 



1980 



1712 



P< 0.001 



2645 



166 



1344 



10.5 
10.0 
9.5 
9.0 
8.5 



0 

1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 

0 rsl321073 rs1801133 rs9651118 

Figure 3 Adjusted Odds Ratios (OR) for the risk of albuminuria by MTHFR gene polymorphisms Genetic analysis was performed in a 
subgroup of study (n = 4155). OR were adjusted for age, sex, smoking, alcohol consumption, intake of vitamin B, body mass index, 
hypertension, systolic blood pressure, type 2 diabetes, plasma fasting glucose, total cholesterol, serum uric acid and glomerular filtration rate. A. 
Median unadjusted total serum homocysteine level by genotype for each MTHFR polymorphism.B. Adjusted odds ratio for the risk of 
albuminuria per risk allele (additive model). 



AA AG GG 
rs 1321 073 

P = 0.021 



CC CT TT 
rs1801133 

P= 0.068 



CC CT TT 
rs9651118 

P = 0.344 



G allele 



T allele 
Additive risk allele 



T allele 



number of diabetics was small. Second, since diabetes 
itself represents a major cause of albuminuria, the 
effect of homocysteine on renal damage might not be 
easily detectable in this subgroup, as reflected by the 
conflicting results reported in studies restricted to dia- 
betic patients [32-38]. Results for the nonsynonymous 
rsl801133 (C677T) SNP, which is associated with 



reduced MTHFR activity [27], were quite similar. 
Although associated with tHcy levels, rs9651118 was 
not significantly associated with albuminuria, but the 
effect was nevertheless in the same direction. As each 
SNP only explained a tiny fraction of homocysteine 
variance, this study might have reduced power to 
detect this association. 
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In line with previous reports, we found a positive 
association between SUA and tHcy [19]. However, SUA 
did not modify the relationship between tHcy levels and 
albuminuria. This suggests that there is no strong syner- 
gistic or antagonistic effect between homocysteine and 
uric acid for their effect on renal damage, but rather 
that both factors act independently on albuminuria. 
Conversely, we observed an effect modification of uric 
acid on the known negative association between tHcy 
levels and GFR, independently of major confounding 
factors. We are not aware that the effect modification of 
SUA on the association between tHcy and renal func- 
tion has been previously reported. Both hyperuricemia 
and hyperhomocysteinemia are common findings in 
patients with CKD. In prospective studies among CKD 
patients, baseline SUA and baseline tHcy levels appeared 
to predict overall mortality [4,18]. However the link 
between tHcy, SUA and decreased renal function is 
unclear. A possible explanation is that antioxidants, like 
uric acid, raise in reaction to increased oxidative stress 
to counteract the harmful effect of reactive oxygen spe- 
cies induced by elevated homocysteine [8]. Reactive oxy- 
gen species reduce glomerular blood flow and filtration 
rate by release of vasoconstrictors and, possibly by inac- 
tivation of NO [39]. 

Hyperhomocysteinemia is frequent in patients with 
CKD [1,4]. In this study, tHcy was higher whenever 
renal function was decreased. This might result, in part, 
from the fact that impaired renal function reduces the 
renal clearance of homocysteine. This could also result, 
in part, from impaired intrarenal homocysteine metabo- 
lism, impaired extrarenal homocysteine metabolism or 
both. Also the prevalence of albuminuria was gradually 
higher with increasing tHcy levels, independently of glo- 
merular filtration rate, since a similar trend was 
observed after stratifying for normal and decreased GFR 
levels. Several prospective studies have shown that 
hyperhomocysteinemia is an independent determinant 
of the development of CKD and albuminuria in the gen- 
eral population [11,40]. Moreover, in a prospective 
study, kidney transplant recipients with elevated tHcy 
levels at baseline had a greater risk of death and kidney 
allograft loss [4]. These findings further support the 
concept that tHcy is not merely a marker, but rather a 
predictor of CVD. CVD currently represents the main 
cause of death in CKD patients, with mortality rates 
three to 30 times higher than expected [6,41]. As this 
high mortality is only partly explained by CVD risk fac- 
tors, such as hypertension, diabetes, smoking and dysli- 
pidemia, factors such as hyperhomocysteinemia and 
elevated uric acid levels may play a role. 

Our study has several limitations. Unfortunately, we 
have no data on vitamin status, including folic acid, vita- 
min B 6 , and vitamin B 12 , but we could include data on 



reported vitamin B intake. However, several previous stu- 
dies observed no significant interaction of vitamin B sta- 
tus on the association between tHcy and renal function 
or tHcy and cardiovascular risk [1,42]. We used estima- 
tions of GFR by the MDRD formula in this study. As 
MDRD has not been validated in populations with nor- 
mal GFR, we also conducted sensitivity analyses using 
GFR estimated by the Cockcroft-Gault formula, which 
led to similar results. The calculated GFR and albumin- 
to-creatinine ratio (ACR) were based on a single mea- 
surement, as in previous population-based studies [1,10]. 
tHcy was also based on one single measure and is there- 
fore insufficient to predict life-time exposure. Despite the 
small proportion of homocysteine variance explained, 
MTHFR polymorphisms may better reflect the life-time 
exposure to tHcy. However, our study also has several 
strengths. It is to our knowledge the largest population- 
based study exploring associations between homocysteine 
and renal function, hence with a wide external validity. A 
longitudinal follow-up of all participants in the CoLaus 
study is currently ongoing and shall provide essential 
data for trends over time of major cardiovascular risk fac- 
tors according to baseline homocysteine levels. 

Conclusions 

In conclusion, hyperhomocysteinemia was associated 
with higher prevalence of albuminuria in men and in 
women, independently of renal function. The association 
of hyperhomocysteinemia with albuminuria was not only 
independent of type 2 diabetes and hypertension, but 
also as strong as the one found for these two conditions, 
which are major causes of albuminuria. Individuals car- 
rying MTHFR genotypes associated with higher tHcy 
concentrations were at increased risk for albuminuria. 
This latter finding supports the hypothesis that homo- 
cysteine causes renal damage. Further studies are needed 
to explore whether lowering serum homocysteine levels 
might prevent kidney damage. Serum uric acid was also 
associated with albuminuria, independently of homocys- 
teine. Although uric acid modified the association of 
tHcy with GFR, no such effect modification was 
observed for the association between hyperhomocystei- 
nemia and albuminuria, which speaks against a strong 
synergistic or antagonistic effect between homocysteine 
and uric acid on renal damage. 

List of abbreviations used 

ACR: albumin-to-creatinine ratio; BMI: body mass index; CKD: chronic kidney 
disease; CVD: cardiovascular disease; GFR: glomerular filtration rate; MTHFR: 
methylenetetrahydrofolate reductase; SUA: Serum uric acid; tHcy: total 
homocysteine. 

Acknowledgements 

The authors would like to express their gratitude to all study participants, 
and to the nurses and medical doctors, who participated to the data 



Marti ef al. BMC Public Health 201 1, 11:733 
http://www.biomedcentral.com/1471-2458/11/733 



Page 8 of 9 



collection. The CoLaus study was supported by research grants from 
GlaxoSmithKline, from the Faculty of Biology and Medicine of Lausanne, 
Switzerland, and from the Swiss National Science Foundation (grant no: 
33CSCO-1 22661). MBo was supported by grants from the Swiss Foundation 
for Science (PROSPER 3200BO-1 1 1361/1, 3200BO-1 1 1362/1) and the Swiss 
School of Public Health (SSPH+). 

Author details 

1 University Institute of Social and Preventive Medicine (IUMSP), University of 
Lausanne and Centre Hospitalier Universitaire Vaudois (CHUV), 1005 
Lausanne, Switzerland, department of Internal Medicine, Centre Hospitalier 
Universitaire Vaudois (CHUV), Lausanne, Switzerland. 3 CardioMet, University 
of Lausanne, Switzerland. 4 Department of pathology and laboratory 
medicine, Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, 
Switzerland. 

Authors' contributions 

FM, conducted the literature search, the statistical analyses, intepreted the 
data and wrote the manuscript. MB supervised the data analysis, participated 
to the data interpretation and drafting of the manuscript. PMMV critically 
revised the manuscript for important intellectual content and participated to 
the data interpretation. VM, PV, FP and GW participated to the conception, 
design and acquisition of data and critically revised the manuscript for 
important intellectual content. All authors approved the final version of the 
manuscript. 

Competing interests 

The authors declare that they have no competing interests. The CoLaus 
study was financed in part by GlaxoSmithKline. V.M. is a consultant for 
GlaxoSmithKline. 

Received: 15 August 2011 Accepted: 26 September 2011 
Published: 26 September 2011 

References 

1 . Francis ME, Eggers PW, Hostetter TH, Briggs JP: Association between 
serum homocysteine and markers of impaired kidney function in adults 
in the United States. [see comment]. Kidney International 2004, 66:303-312. 

2. Hoogeveen EK, Kostense PJ, Jakobs C, Dekker JM, Nijpels G, Heine RJ, ef al: 
Hyperhomocysteinemia increases risk of death, especially in type 2 
diabetes: 5-year follow-up of the Hoorn Study. Circulation 2000, 
101:1506-1511. 

3. Humphrey LL, Fu R, Rogers K, Freeman M, Helfand M: Homocysteine level 
and coronary heart disease incidence: a systematic review and meta- 
analysis. Mayo Clin Proc 2008, 83:1203-1212. 

4. Winkelmayer WC, Kramar R, Curhan GC, Chandraker A, Endler G, 
Fodinger M, et al: Fasting plasma total homocysteine levels and mortality 
and allograft loss in kidney transplant recipients: a prospective study. J 
Am Soc Nephrol 2005, 16:255-260. 

5. Refsum H, Nurk E, Smith AD, Ueland PM, Gjesdal CG, Bjelland I, et al. The 
Hordaland Homocysteine Study: a community-based study of 
homocysteine, its determinants, and associations with disease. J Nutr 
2006, 136:1 731 S-1740S. 

6. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL, et al: 
Kidney disease as a risk factor for development of cardiovascular 
disease: a statement from the American Heart Association Councils on 
Kidney in Cardiovascular Disease, High Blood Pressure Research, Clinical 
Cardiology, and Epidemiology and Prevention. Hypertension 2003, 
42:1050-1065. 

7. Foley RN, Parfrey PS, Sarnak MJ: Clinical epidemiology of cardiovascular 
disease in chronic renal disease. Am J Kidney Dis 1998, 32:S1 12-S1 19. 

8. Upchurch GR Jr, Welch GN, Fabian AJ, Freedman JE, Johnson JL, Keaney JF 
Jr, et al: Homocyst(e)ine decreases bioavailable nitric oxide by a 
mechanism involving glutathione peroxidase. J Biol Chem 1997, 
272:17012-17017. 

9. Welch GN, Loscalzo J: Homocysteine and atherothrombosis. N Engl J Med 
1998, 338:1042-1050. 

10. Hoogeveen EK, Kostense PJ, Jager A, Heine RJ, Jakobs C, Bouter LM, et al: 
Serum homocysteine level and protein intake are related to risk of 
microalbuminuria: the Hoorn Study. Kidney Int 1998, 54:203-209. 



11. Jager A, Kostense PJ, Nijpels G, Dekker JM, Heine RJ, Bouter LM, et al: 
Serum homocysteine levels are associated with the development of 
(micro)albuminuria: the Hoorn study. Arterioscler Thromb Vase Biol 2001, 
21:74-81. 

12. Chico A, Perez A, Cordoba A, Arcelus R, Carreras G, de LA, et al: Plasma 
homocysteine is related to albumin excretion rate in patients with 
diabetes mellitus: a new link between diabetic nephropathy and 
cardiovascular disease? Diabetologia 1998, 41:684-693. 

13. Lanfredini M, Fiorina P, Peca MG, Veronelli A, Mello A, Astorri E, et al: 
Fasting and post-methionine load homocyst(e)ine values are correlated 
with microalbuminuria and could contribute to worsening vascular 
damage in non-insulin-dependent diabetes mellitus patients. Metabolism 
1998, 47:915-921. 

14. Keane WF, Eknoyan G: Proteinuria, albuminuria, risk, assessment, 
detection, elimination (PARADE): a position paper of the National Kidney 
Foundation. Am J Kidney Dis 1999, 33:1004-1010. 

15. Viberti GC, Hill RD, Jarrett RJ, Argyropoulos A, Mahmud U, Keen H: 
Microalbuminuria as a predictor of clinical nephropathy in insulin- 
dependent diabetes mellitus. Lancet 1982, 1:1430-1432. 

16. Yuyun (V1F, Khaw KT, Luben R, Welch A, Bingham S, Day NE, et al: 
Microalbuminuria independently predicts all-cause and cardiovascular 
mortality in a British population: The European Prospective Investigation 
into Cancer in Norfolk (EPIC-Norfolk) population study. Int J Epidemiol 
2004, 33:189-198. 

17. Obermayr RP, Temml C, Gutjahr G, Knechtelsdorfer M, Oberbauer R, Klauser- 
Braun R: Elevated uric acid increases the risk for kidney disease. J Am Soc 
Nephrol 2008, 19:2407-2413. 

18. (vladero M, Sarnak MJ, Wang X, Greene T, Beck GJ, Kusek JW, et al: Uric acid 
and long-term outcomes in CKD. Am J Kidney Dis 2009, 53:796-803. 

19. Lussier-Cacan S, Xhignesse M, Piolot A, Selhub J, Davignon J, Genest J Jr: 
Plasma total homocysteine in healthy subjects: sex-specific relation with 
biological traits. Am J Clin Nutr 1996, 64:587-593. 

20. Malinow MR, Levenson J, Giral P, Nieto FJ, Razavian M, Segond P, et al: Role 
of blood pressure, uric acid, and hemorheological parameters on plasma 
homocyst(e)ine concentration. Atherosclerosis 1995, 114:175-183. 

21. Kielstein JT, Salpeter SR, Buckley NS, Cooke JP, Fliser D: Two cardiovascular 
risk factors in one? Homocysteine and its relation to glomerular 
filtration rate. A meta-analysis of 41 studies with 27,000 participants. 
Kidney Blood Press Res 2008, 31:259-267. 

22. Firmann M, Mayor V, Vidal PM, Bochud M, Pecoud A, Hayoz D, et al: The 
CoLaus study: a population-based study to investigate the epidemiology 
and genetic determinants of cardiovascular risk factors and metabolic 
syndrome. BMC Cardiovasc Disord 2008, 8:6. 

23. El Assaad MA, Topouchian JA, Dame BM, Asmar RG: Validation of the 
Omron HEM-907 device for blood pressure measurement. Blood Press 
Monit 2002, 7:237-241 . 

24. Brosius FC, Hostetter TH, Kelepouris E, Mitsnefes MM, Moe SM, Moore MA, 
et al: Detection of chronic kidney disease in patients with or at 
increased risk of cardiovascular disease: a science advisory from the 
American Heart Association Kidney And Cardiovascular Disease Council; 
the Councils on High Blood Pressure Research, Cardiovascular Disease in 
the Young, and Epidemiology and Prevention; and the Quality of Care 
and Outcomes Research Interdisciplinary Working Group: developed in 
collaboration with the National Kidney Foundation. Circulation 2006, 
114:1083-1087. 

25. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al: National 
Kidney Foundation practice guidelines for chronic kidney disease: 
evaluation, classification, and stratification. Ann Intern Med 2003, 
139:137-147. 

26. Cockcroft DW, Gault MH: Prediction of creatinine clearance from serum 
creatinine. Nephron 1976, 16:31-41. 

27. Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, et al: A 
candidate genetic risk factor for vascular disease: a common mutation 
in methylenetetrahydrofolate reductase. Nat Genet 1995, 10:111-113. 

28. Loos RJ, Lindgren CM, Li S, Wheeler E, Zhao JH, Prokopenko I, et al: 
Common variants near MC4R are associated with fat mass, weight and 
risk of obesity. Nat Genet 2008, 40:768-775. 

29. Casas JP, Bautista LE, Smeeth L, Sharma P, Hingorani AD: Homocysteine 
and stroke: evidence on a causal link from mendelian randomisation. 
Lancet 2005, 365:224-232. 



Marti ef at. BMC Public Health 201 1, 11:733 
http://www.biomedcentral.com/1471-2458/11/733 



Page 9 of 9 



30. Jamison RL, Shih MC, Humphries DE, Guarino PD, Kaufman JS, Goldfarb D5, 
ef ah Effect of the MTHFR C677T and A1298C polymorphisms on survival 
in patients with advanced CKD and ESRD: a prospective study. Am J 
Kidney Dis 2009, 53:779-789. 

31. Wald DS, Law M, Morris JK: Homocysteine and cardiovascular disease: 
evidence on causality from a meta-analysis. BMJ 2002, 325:1202. 

32. Lauszus FF, Gron PL, Klebe JG: Association of polymorphism of 
methylene-tetrahydro-folate-reductase with urinary albumin excretion 
rate in type 1 diabetes mellitus but not with preeclampsia, retinopathy, 
and preterm delivery. Acta Obstet Gynecol Scand 2001, 80:803-806. 

33. Mtiraoui N, Ezzidi I, Chaieb M, Marmouche H, Aouni Z, Chaieb A, ef at. 
MTHFR C677T and A1298C gene polymorphisms and 
hyperhomocysteinemia as risk factors of diabetic nephropathy in type 2 
diabetes patients. Diabetes Res Clin Pract 2007, 75:99-106. 

34. Neugebauer S, Baba T, Watanabe T: Methylenetetrahydrofolate reductase 
gene polymorphism as a risk factor for diabetic nephropathy in NIDDM 
patients. Lancet 1998, 352:454. 

35. Noiri E, Taguchi J, Nakao A, Fujita T: MTHFR gene polymorphism as an 
exacerbation factor of diabetic nephropathy in type 2 diabetes. Analysis 
in Japanese male hemodialysis patients. Diabetes Care 2000, 23:260. 

36. Sun J, Xu Y, Zhu Y, Lu H: Genetic polymorphism of 
methylenetetrahydrofolate reductase as a risk factor for diabetic 
nephropathy in Chinese type 2 diabetic patients. Diabetes Res Clin Pract 
2004, 64:185-190. 

37. Boger CA, Stubanus M, Haak T, Gotz AK, Christ J, Hoffmann U, ef at. Effect 
of MTHFR C677T genotype on survival in type 2 diabetes patients with 
end-stage diabetic nephropathy. Nephrol Dial Transplant 2007, 22:154-162. 

38. Wiltshire EJ, Mohsin F, Chan A, Donaghue KC: Methylenetetrahydrofolate 
reductase and methionine synthase reductase gene polymorphisms and 
protection from microvascular complications in adolescents with type 1 
diabetes. Pediatr Diabetes 2008, 9:348-353. 

39. Baud L, Ardaillou R: Involvement of reactive oxygen species in kidney 
damage. Br Med Bull 1993, 49:621-629. 

40. Ninomiya T, Kiyohara Y, Kubo M, Tanizaki Y, Tanaka K, Okubo K, ef ah 
Hyperhomocysteinemia and the development of chronic kidney disease 
in a general population: the Hisayama study. Am J Kidney Dis 2004, 
44:437-445. 

41. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY: Chronic kidney disease 
and the risks of death, cardiovascular events, and hospitalization. N Engl 
J Med 2004, 351:1296-1305. 

42. O'Callaghan P, Meleady R, Fitzgerald T, Graham I: Smoking and plasma 
homocysteine. Eur Heart J 2002, 23:1580-1586. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2458/l 1/733/prepub 

l s 

doi:1 0.1 1 86/1 471-2458-1 1 -733 

Cite this article as: Marti ef ah, Hyperhomocysteinemia is independently 
associated with albuminuria in the population-based CoLaus study. SMC 

Public Health 201 1 1 1:733. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at (~\ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J Blomea central 



